Absolute calibration of Single Photon
Detectors using Parametric Down Conversion
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1. What 1s Parametric Down Conversion (PDC)?

. 2. Using PDC to absolute calibrate SPD (Klyshko)-results
obtained 1n the literature.

3. Practical i1ssues: losses, accidentals, backgrounds,
uncertainty budget

4. Doing this at SiDet: possible lay-outs, current status, what

we need for the future, long range plans.
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Motivation

{ At as@he& photon detector for aAr TPC (more in S.
a dzt a &l dmdonday, 6/18)
SiPMpros:

Hi gain, low power consumption, no HV system, work in
magnetic fields, single photon sensitivity, very good time
resolution, well suited for cryogenic environments.

SiPMcons:
Dark count rate, small size, cost/mm*2, low PDE in the blue
and UV region
but this Is changing fast (more at the end)

These devices need to be better understood by the users
community like what happened with PMT: positive interactio
between users and manufacturers led to better knowledge ¢
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What 1s Parametric Down Conversion (PDC)?

. Frequency conversion in a non-linear medium , whereby an

incident photon (pump) 1s converted into two smaller
frequency photons (signal and idler) obeying conservation of
energy and momentum (non-centro symmetric crystals).

Exploits bi-refrigency of the non-linear medium ( extraordinary and
ordinary rays have different refraction indices) .

Twin photons are correlated in number and frequency

Type IPDC: e = o+ o e-ray pol //o-axis plane ; o-ray pol.
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( Examples of SPDC

. Typical crystals: beta barium borate (BBO); KDP,
L1103 — uniaxial crystals.

. BBO a commonly used , negative crystal

(extraordinary ray 1s faster than the ordinary ray)
. Phase matching conditions (stick to type I PDC):

more later on.
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SPDC examples:

. First thing 1s choosing the crystal given wavelength
of pump and desired range of wavelengths for the

down converted pair:
i. &
:-;_ 17 By - soiil 91 _______________________
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A (pm)

Signal

BBO crystal
Energy conservation and phase matching eqs. provide a range of angles and
wavelengths for the twin photons.
Degenerate configuration: signal and 1dler same frequency: : w1l = w2=wp/2
For BBO at pump A =405 nm, signal and idler are at » = 810nm and

theta =3 degleeb 3/13/2012 C. O. Escobar SiPM review
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Choosing wavelengths and angles
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